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Ie INTRODUCTION 


Petroleua is an outstanding souros of fuel, lubricants, and 
Intemational friction. Some writers have gene so far ae to say that 
modern wars are fought with end for oil, While there may be differences 
of opinion as to the importance of petroleum ín relation tọ werld politics, 
there can be no doubt that wars today are fought and won with oil, 
vodern warfare is mechanised warfare, and without petroleum machines of 
war are useless, 

For the foreeeesble future petroleum heads the lists of 
strategic materials. Planning for war must be global in scope, and not 
only must petroleum production be sufficient to sustain a global wer, 
but faeilities for handling petroleum fuels and other products must be 
suitable for supsort of the armed forces uncer any situation, Modem 
warfare, then, ómands that fuels be delivered to the using units wherever 
thay are, and in sufficient quantity and quality to permit these units 
te carry out their missions - this means adequate fuel sup;ly for ships, 
submarinos, planes, tanks, and vehicles, 

Vaste and contamination mast be held to an absolute minimum in 
the handling of petroleum fuels, Reduction in losses due to waste not 
only conserves fuel tut sanoower as wall, Contaminated fuel can be just 
as dangerous to militsry operations as contaminated fuod since it can 
immobilise these ships, planes, tanks, and vehicloa in forward areas, 
therety exposing troops to enemy fire, 
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A review of the offensive naval operations uring "orld Tar II 
discloses that most of these operations were undertaken for the purpose 
of seizing and establishing advanced bases from which further offensives 
could be mounted and supported, Although successful in seizing and using 
advanced bases, if was apparent that improved facilities, equipment and 
techniques were needed, particularly where the handling cf petroleum fuels 
was concerned, Installations for handling fuels at advanced bases are, 
therefore, bein; studied by the Armed Forces with & view to improving 
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In adeition to offliciencey, simplicity of construction and opera- 
tion ere highly desirable where advanced-base bulk-petroleum fuels 
handling facilities ere concerned, Standardization of materials, methods 
and procedures tends to facilitate construction and promote efficient 
operations of wartime bases. {To this end the bureau of Yards and Docks 
has designed functional components for advanced bese fuel facilities 
such as those shown in Figures 1 to 9 inclusive in the Appendix, and 
such as the Fuel Lepot liand>vek.? 

Mot all of the problems relating to advanced base fuel handling 
are technical; however, in the analysis to follow the problems considered 
have been in general limited to thoee encountered in the field which are 
basically of a technical nature, The purpose of this study is to cite 
defects and advance modi fications and improvements for their correction. 
Briefly stated the major problems in this category are as fol) ows: 

(1) Losses of products incurred and man hours required 

incident to the handling of drummed fuels during 
the assault phase of amphibious operations, 

(2) The need for more reliable sea loading lines 
inasmuch as failure of these lines may seriously 
hamper or preclude vital fwling operations of 
fleet units, 

(3) Short useful life of steel pipelines and tanks due 


to corrosion, 
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(L) Evaporation from gasoline storage tanks which 
results in substantial losses of fuel and 
tenés to throw the product off specification. 
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III. NAVAL ADVANCED 58 


Advanced Page, the prisary mission of wiiich is to support 
wartime operations of the armed forces, is a general tere designating a 
base located in or near forward areas outside the sone of the interior. 
Such bages are deployed after declaration of an emergency or upon nobili- 
sation in direct support of combatant units and are usually ọf temporary 
wartine construction. 3 
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A. Types of Advanced 35688 
There were soveral genoral tyres of advanced bases in 604 
war II, viss | 
(1) Those established to hold threatened strategic 
areas such as Kodiak and Adak, Alaska, 
(2) Those established as part of or to protect a 
line of supply and communication such as those 
in Brasil and Samoa. 
(3) Those which servod as bas-s for direct offensive 
operations such as Tinian. 
(L) Those which served to mount or support further 
ofíensives such as the amphiblous bases in Fnrland, 
(5) Those which were a combination of several or all 
of these sach as Oum, 
(6) Those which were established because of an 
imagined threat and which turned out actually 
to be safe areas such as the motor-torpedo boat 
bases on the west coast of Central and South America, 
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B. Types of Advanced Base Fuel installations 


World War II advanced bese installations usually included 
facilities for receiving, storing, and distributing tulk petroleum fuels, 
Wo two fuel aystens were exactly alike, yet they may be classified as one 
of two general types, vis., (1) permanent installations on prewer bases, 
and (2) temporary advanced bese installations in forvard areas, 

Construction on permanent baseg outside the continental limits 
such as Argentia, Newfoundland, Persuda, Trinidad, lawaiian Islands, 
Johnston Island and Midway was began by contractors before or shortly 
after the Jepanese attack at Pearl Marbor, In some cases the contractor's 
forces were relieved by Naval Construction Rattelions (Seabees) who 
completed the construction work. On these bases the fuel installations 
are of the permanent type, 1.8. underground concrete or steel storage 
tanks, welded steel pipelines, stationary pumping and dispensing units, 
and fuel piers or fuel docks. 

In decided contrast to the permanent facilities wore those in 
the second croup, the temporary advanced base installations in formrd 
areas, particularly in the Pacific Ocean areas weet ۵۴ tho ۵ 
Islands, It is primarily this type of installation that will be discussed 
in the following pages. 

For the most part, the construction of shore installations at 
navel advanced bases in the Pacific was accomplished by Naval Construction 
Dattallione for the support of land, sea, and air forces in the war 
against Japan, and for the most part the bulk fuel installetions consisted 
of bolted stoel storace tanks, licht weight, groove coupling pipelines, 
and portable pumping units. In general these materials and emíipment ware 
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designed to save shipping space and weight, and for simple speedy erection - 
design characteristics not necessarily conducive to the most efficient 
operations or to long life. Figures on the total storage of this type 
erected during World war Ii are not available, tut eppreximately 3,500,000 
barrels of storage were still useable at bases in the Pacific eighteen 
months after V-J Lay, This storage, tinrefore, not only serveó the pri- 
during the eomewhet hectic denobilizstion period; notekthstanding the 
fact that little or no corrosion protection or maintenance was provided 
these temporary facilities. ‘oil ond atmospheric corrosion in most 
localities in the Pacific is severe, yet few tanks were even painted after 
erection and, except for a little paint here and there, pipelines were 
provided no protection from corrosion, 

Many of the fuel syetems at naval advanced bases were originally 
dependent on soa loading Lines for receiving from and discharing to tankers, 
Usually these lines wero tho first part of the systems to fail. The most 
common failures wore due to the submarine hose parting or the hose and 
sarıing woy being carried away by wave action, or failure due to the 
rupture of the pipeline which occurred usually at the point where it lay 
over a coral reef. Wherever practicable submarine lines were replaced 
with fuel decks, piers, or jetties. 
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C. Amphibious Operations 


Before those shoro facilities could be constructed in the مه‎ 
صعهنون‎ urvas ít was, in most cases, necessary to first secure islanda for 
bases by moans of emphibieus operations against the Japanese who held the 
islands = names like Cuadalcenal, Tarawa, Kwajalein, Eniwetok, Pelileu, 
Guam, Saipan, and Tintan are synenyuous with the tera amphibious warfare, 
In these amphibious operations, and particularly during the assault phase, 
there existed à major problem with regard to the handling of fuels. Until 
sufficient area could be cleared of the enemy, and bulk fuel pipelines 
and storage could be erected, fuel wes supplied in drums. In addition to 
being wasteful the method of handling drummd fuels from ship to shore 
required extensive equipment, lator, and time, It is, therefore, des rable 
to eliminate the handling of Crumsed fuel over the beaches as early in 
the assault phase as possible. 

After a study of World War II operations, the United / tates 
Marine Corps outlined in general the required military characteristics of 
bulk fuel handling equipment for the assault phase, vis: 

(1) Capable of deliverin; a minimum quantity o/ fuel 

per day per Marine civision (not inoluding aviation 
products). 

(2) Capable of delivering fuel with no rehandling at 

the transfer line or across the beach, 

(3) Capable of installation by unskilled personnel. 

(5) Transportable 

(5) Capable of handling motor gasoline and diesel 

fuel simıltaneously. 
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(6) ۵۵۵۲ maxims protection against the hasard 

of fire. 

(7) Capable of repair and maintenance in the feld, 

The Research md Development Board is, therefore, devoting study 
to the interim period between the time the beach is secured mid the tine 
tank farms can be erected, with a view to reducing the period of depend- 
ence on dumed fuels. The wrk on design and testing of the interim 
system is being closely coordinated with the United fitates Marine Corps, 

Several approaches to the problem of transferring bulk fuel 
fron tanker to shore have been or are being considered. In ceneral these 
considerations invelve the use of existing creft or modification thereof 
such as! 

(1) Modified LST 

(2) LCV? and DUKWS plying between tanker and shore 

(3) Converted feet submarine 

For purposes of handling fuel on the beaches in the bulk, two 
collapsible storare tanks both of 1000 barrel capacity are under developsent : 

(1) A pillow-ehaped tank of pliable material 160! x 12?! 

and weighing 2400 pounds which can he rolled for 
shipment in a package 13' x h' x h', 

(2) A dual wall tank erected by compressed air re- 

sulting in a cylindrical container 30 feet in 
diameter and 8፤=ዕ” high. 

Light-weight collapsible hose has been developed which can be 
used with an interim fuel system in lieu of pipe. This hose can e dig- 
tributed from trucks at about 15 miles an bour, 

Portable pumping units for an interim system present no particular 
problem inasmuch as suitable units are available over a wide range of 
capacities, 
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-. Do. Pusls Nandled at Advanced Dasos 


. Pwring World War II it was necessary to provide tulk handling 
feeilities ashore for fuel oil, diesel oil, and gasoline (motor and avia- 
tion grades), To this list jet fuel must now be added, 

1. Fuel 012 ۱ 
The principal characteristics of fuel oil are given in Mureau 
of Ships specifications.) The most important properties from tha stand- 
point of bulk plant operation are viscosity, specific gravity, stability, 
compatibility, water and sedisent content (B.5, and '.), and 
inflasaability, 

The two Navy grados of fuel oil in general use are: (1) îrade 
I or Special with a maximum specified viscosity of 225 2.5.7. (0486 
Stoke) at 1222 F. (5%P C) and (2) Orade 1I with a maximum viscosity of 
350 5,2,፻, (3,312 210098) The Navy Special fuel oil which is used ex- 
olusively in stesa driven coabat ships is a relatively free flowing 
liquid which can be stored anó trenaferred witb little or no heating in 
mild climates, Crade II requires some heating, but om usually be 
transferred at 85° to 90° F, 

Prior te about 1943 "avy specifications referred to the grades 
of fuel oil as A, Bp and C, Bunker "C" became a colloquial tera usod 
both in and out of the Navy for a viscous oll of about 300 ..5.7, maximum 
viscosity., It was freqently very difficult to handle this grade, and as 
supplies on hand were exhausted turners were converted for use with either 
Wavy Special or Orade II fuel oil, 

The specification liaits of API crevity for Navy fuel oils have 
no direct purpose other than to insure that water will settle from the 
oll, the eettlesent of water obvicusly being smch slower in oil having 
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alnost the same density as the water than in lighter oils (higher API 
gravity). Navy Special usually runs sbout 4° API higher than Orade IJ, 
but either can very over a (®? range. Cracked fuel oils normeLly have 
lower API vravities than straight run cruce residuals of the same viscosity. 

The stability of a fuel oil is that property of the ofl which 
resiste sludre formation and sedimentation. Un until about twonty-five 
of crude oil, and were as stable as the crude fron which they were derived. 
Nowever, whan cracked fuel oils first cane into general use cifficulties 
from instability developed. The most trmublesom ef'ect was the forma- 
tion of adherent deposit in oil heaters, The cracked oll hav'ng had its 
molecular stricture violently disturbed end re-arranged in the cracking 
process, continued to undergo slow chemiesl chan-e which wes accelerated 
ty reheating. As a result of an intensive stud of the stability of 
cracked fuel by the refiners and the Navy, a fuel oll of reasonable 
stability wae produced ander controlled refinery processes, 

It was also soon evident that cracked oils were not always 
compatible, 1.0. tw oils fram different sources and of different composi- 
tion miht be reasonably stable individually, but might react with each 
other when mixed, cepositing sludge or becoming unstable and tending to 
build up depesite on hosters. Necenuse of the possibility thet different 
shipments of fuel oil may be incompatible, it is desirable to transfer 
and store the shipments in such a way as to avoid mixing, Under wartine 
conditions and at advanced bases, 1t may not always be possible to handle 
shipments separately; however, all effort practicable should be mado to 
held mixing to a minimum, 
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Diesel fuel and boiler fuel oils are even moro likely to bde in- 
compatible. Diesel oil may te a straight run ::88 6313 of paraffinic 
properties quite different in nakure froa crecked fuel oil, "ot over two 
per cent of diesel ofl can be added to fuel oil without danger of throm 
Usnkers or other sources aust be handled separately and not pumped into 
fuel oíl taris, 
turned suecossfully, tat it is considered unsat!sfactory for normal uso. 
Carelees handling or accident may increase the water content, It may 
increase during marine shipment from weather, leaks, and condensation. 
The water may bo "fres" water in which case it will settle out in time, 
or it may form a stable emulsion which will never settle ot. Navy 
specifications limit the amount of N.I. 4 F., more water bein: permitted 
after the oil has boen shipped by ooean tanker than at the refinery, 

Reither Wevy Special nor Arade ITI fuel o!l is inflammable at 
ordinary teaporetures, They bocome a fire hazard only when something more 
inflamable acts as a starter. The flash point is set «t 150%, miniman 
by Navy Specifications, A temperature d:fferential of 19 F, under the 
flash point is umsally ample for a safety factor, When fuel oll is stored 
at this temperature or below, the vapor although combustible in chemical 
netare is too dilute to ignite or burn, In otbr words, the vapor~air 
mixture in a fuel oil storage tank that is sufficiently uncer the flash 
point of the oil is below the lower limit of exlosibility. 

Two typical advanced base layouts of shore receivin: and storazo 
facilities for fuel ofl are shown on Figure 1 in the Appendix. The D-i 
northern functional component (list of materials) is desirmed (or use in 
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porthern climates (above epprexizately 31° N Latitude) where the fusl oil 
would require heating to facilitate handling. Fuel ofl facilities shown 
oa Figure I wuld be constructed primarily for fueling shipe, hence no 
separate shore distribution syatea such as would be required to service a 
stean pomer plant or stean evaporator plant is included on the crowing. 
Although the details are not shown on tkis plen the pipelines and pumpe 
for the tank farm would be so comected as to permit the fueling of ships 
from shore storage tiuvugh the sano linos used for filling the shore stor- 
age tanks, 

2. Diesel Oil 

Diesel fuel oil of lavy specification is a distillate, a closely 
eentrolled and thoroughly refined procuct, normelly pale yellew in color, 
and compareble to kerosene except for a lower volatility.” Navy diesel 
for high speed engines is in no way comparable to tim heavier gas oils 
and blends which were formerly used for slow speed marine diesels, 

The epecifie ıravity ef diesel is of ne particular importance 
and is not covered by apecifications. It will sverage about 0.02 or LO” 
Ari, 

Diesel oil has a relatively ləw viscosity and at ordinary tempora- 
tures it pumpe and flows almost like water, Navy specifications limit the 
viscosity to j5 to LS SU at 100? F, or approxisately 0.025 to 0.06 stoke. 

Kavy diesel aleo hes a relatively low pour point, the pour point 
being approximately tho lowest temperature at which it will flow, However, 
a rather rapid congoaling takes place at the pour peint (approximstely 0° F.) 
due te the precipitation of particles of wax and it is, therefore, necessary 
to best the oil in cold cliastes unloss @ special diesel fuel with lower 
»our point is provided. This congoaling property of diesel oil has no 
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direot relation to the progressive increase in viscosity that affects all 
ails with lowred temperatures. “ood diesel fuel is likely te be refined 
fron way stock since this produces an oil of cood ignition characteristics, 

Cetane mumber is a measure for defining the icnition quality of 
a diesel fuel, It is desirable that the ignition lag in a diesel engine 
be às short as pessible to prevent engine knock and rough runrinz, The 
length of teni tion lag depends on Uw chemical composition of the fuel, 
and is defined by the seale knom es the cetane number ¬ the hicher the 
estane maber the shorter the lag and the better the imitim mality of 
the fuel. More specifically, the cetene number is the per cent of the 
hydrocarbon cetane, & compound of excellent igrition qualities, in a zix- 
ture &th another hydrecarben of very poor irmition properties, which 
matches the fuel under test in imition performanes, The cetane number 
represents essentially opposite characteristics to the oct^ne number of 
gasoline. In a gasoline engine all the fuel is present before compression, 
and a leng salf-ignition lag is cesirable to permit the charce to burn 
prosressively anc Goa letely from the flame-frant started by the spark 
plug befure any part of it detonates as a result of pressure and tempera- 
vere rise, 

Diesel oil is much more penetrating than fuel oil and more 
penetrating than water as fur as pump and valve stem packings are 
eencerned. Tho feet thet it is hard to hold must be reusabered in handl- 
ing operations and care must be exereised to prevent leaks, 

Liessl oil should be wter-free when used. Aboard ship contact 
with water ¿s necessary when water ballast is carried in bunker tanks or 
when tho fuel tanks of vessels are provided with automatic fuel of] com 
pensation wherein the ballast water is forced out of the tanks and sea 
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connections by entering fuel. ¡owever, kespin; diesel dry in shore 
handling facilities presents no particular problem, Free water will 
settle out rapidly, but it may sometimes be necessary to filter a sus- 
pension containing e small amount of water such as may occur If oil and 
water are well churned in & centrifugal pump. 

۱ The color of diesel fuel itself is not important, but it pro- 
vides @ very practical and valuable means for checking to insure that 
contamination hea not occurred in handling. The quality of the fuel 
should be detersined by testing if any darkening in coler occirs in 
storage, Contamination of diesel with even a small amunt of boiler 
fuel must be carefully avoided s.noe such contamination may be ruinous 
in the operution of diesel engines. 

Diesel fuel oil is not capable of giving off inflammable vapors 
at ordinary temperatures unless it has been contaminated with a more 
volatile product and, therefore, has the seme allowable flash point as 
Navy Special fuel oil. lowever, due to ite lower average bolling ten 
perature it will take fire much more easily, and will support a faster 
eTowing, hotter and more persistent fire that may be a creat deal harder 
te extinguish. Also diesel oil spreade more rapidiy both on land and 
water and burns completely whereas boiler fuel oil may go oat of its own 
accord, A spray of diesel oil from a leak or line break may be quite 
easily ignited ty any flame or hot engine exhaust. Thus, while both 
eiosel and fuel oils are relat vely non-hasaróous from the standpoint of 
the amount of vapor they release, diesel o!l must be recognised ae 
potentially more dan eraus and therefore warrants extre care in handling. 

Typical naval advanced pase facilities for the receiving, 
storage, and cletribution of císsel oil in both tropical and cold climates 
are shown on Figure ] in the Appendix. It may be noted that the clesel 
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tank ferme are much smaller in Capacity than the fuel oil tank faras iñ both 
the L-J and l-l components, Included in the distribution facilities for 
diesel oil is a fueling pier for issue to naval vessels and a loading 

rack for truck and can fill. Clarifiers are installed on the distribution 
lines near the points of issue, 

The properties of gasoline make it the "problem child” among 
petroleum fuele where handling is concerned. lt is highly inflamable, 
vaporizes readily even at low temperatures, — À- undesirable pump- 
ing characteristies and is corrosive to steel pipelines due to the onal) 
amount of water and oxygen it always contains. Gasoline containing 
tetraethyl lead is poísonous when swallowed and the vapors are toxic. 

Perhaps the most distinguishing feature of gasoline as fer as 
precautions in handling are concerned is its inflammability. Specifications 
normally do not require a sinimua flash point for gasoline since this 
tenperature would vary greatly depending on the exact composition of the 
fuel. but obviously the flash paint must be well below 0° F, in order 
e pont easy starting in cold weather. The highly inflammable nature 


of gasoline is indicated in Table 1 veles." 


1۸86 ۶ 


True vapor pressure of air free E É 1 8 2 
sample, ፻,5,1, at JOOP. 50s 
Lower explosive limit °F. ....... -2h ۰20 -38 -AJ h7 
Approximate flash point F, ..... eli -19 -26 -32 Y 
Concentration of vapor at lower 
explosive limit £ by volume ... 17 1.3 1.3 13 lob 
Cencentration of vapor at higher 
explosive limit ፊ ሣ volume وهه‎ 720 Tel 1.3 705 1.9 
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The true vapor proseure usually is from three to ten per cent 
lower than the Reić vapor pressure depending on composition of the 
,5Soline,. Also motor gasoline af a hicher vapor pressure is usually 
sup lied te bases in colder climates, 

It may be observed from Table I that all gasoline will give off 
vajors at almost any teaperature except perhaps in the met severe arctic 
condi tions, end theese vapors may fora explosive cixtures with air, In 
this connection 1t is the lean vapor mixtures that are dangorons «ince 
the canesentration ef vapor at the higher exnlesive limit in per cant ty 
volumes is relatively low. When gasoline is stored in tanks or other 
a@loeed containers at usual atacapheric temperatures the concentration of 
gasoline vapor in air becomes so rich thet the tank v&por s-ace is not 
explosive, but vapor iswaing from tank vents and Ciluted with adi tional 
air may become a very serious hazard, 

In very oold climates the gasoline may vaporise se slowly that 
the tank vapor space becomes explosive due to the low conom tration ef 
vapors. Such a eendition should be suspected whenever the liquid body 
temperatura drops below 20° F, Statio electricity build in dry air 
at low tesperature say offer & soures of ignition at such a tine, 

Lue to the long diatance over which heavily concen! rated vapcrs 
oan trevel to ultimtely find a soures of ignition, gasoline spillage is 
extremly dangerous and mast be avoided wherever possible. 

2agolime is difficult te pump under the best ecoditions, which 
condi tions do not usually exist at naval advanced bases. The volatility 
of the profuct makes it difficult to handle even with à moderate suction 
lift whilo the absence of lubricating qualities aná its penetrating 
qualities sake it difficult to hold with ordinary shaft end valve sten 
packings, and may result in eutting and abrasion of shaft sleeves and 
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pump liners. Pumps designed for other servico are seldom satisfactory for 
handling gasoline, 

Gasoline has a low viscosity of approximately 0.007 stoke at 
GOP F., a value which te completely off the scale of the Saytolt Universal 
Viscosimster, Viscosity, therefore, is a relatively unimcortent fector 
in resistance to pipeline flow when it reaches such low values, while 
pipe roughness becomes a very imortent factor, 

The corrosive effect of the oxygen end water present in the 
gesoline not only ceuses deterioration of steel pipelines and storage 
tanks, but produces scale and sediment which come out of the lines and 
thereby damage pumps or contaminate ismce unless adequate traps and 

strainers are used. 

No distinction ie mde between aviation gasoline and motor 
gasoline as regards handling facilities and precautions, Yirure 2 in 
the Appendix shows the standard layout for a 200,000 barrel gasoline 
tank farm which my be used for the store. e either of motor gasoline or 
aviation gasoline, Contamination of either type of gasoline is to be 
avoided, Fhile in fact motor gasoline nay become slightly contaminated 
and yet be usable, it is obvious that gasoline 1gsued to aircreft must nest 
specifications in all respects, 
ho Jet Fuel 

As in tho case of gasoline, specifications for jet fuel have 
undergone changes in an attempt to meet requirements for better perform= 
ance of alreraft turbines and jot engines. The fuel currently used is 
known as Orade JP-5.® While not as volatile as gasoline and also differ- 
ing from gasoline in other respects, there can be little difference in 


the handling facilities and operations of these two fuels, 
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Advanced base fuel handling system includes fac!liti-s for re- 
ceiving, storing and distrituting one or more of the fuels discussed in 
section III, Mulk feels are received fron tarkers, stored in tank farms 
and distributed for issue on the base or to vesels of the fle. t, 

The first consideration in the design of an advanced base fuel 
system 1s tanker turn around times, It is imperstive thet tankers be 
unlosded in the shortest possible tim, not only for reasons of economy 
but also for security :e&sons in time of war, Says and means of reducing 
tanker turn around tims are, therefore, being civen oontimiz study by 
the Navy, 

In order to receive from tankers and 1:7us to ships the sea 
leading Mines must be in conditden te permit the flew of fuels at suf- 
after Vorld War II wes not unocamon and Improvesmnt in materials and 
construction techniques are therefore needed, 

Protection af pipelines and tankers free corrosion can be 
moagurebly improved; corresion protection for World War II fme!litieg 
was practically nil, Cathodic protection by means of anodes and brush- 
on coatings for protection against oxidation should be provided, Also 
the substitution of cerrosion—resistant materials for steel should be 
considered. Large losses of fuels due to corrosion failures in pipelines 
and tenks have been incurred. 
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another cause of approciable loos of fuel, particularly gasoline, 
is evaporation which could be practically eliminated w the installaticn 
of wapor recovery systems in conjunction with gasoline tank faras. A 
standard vapor recovery syetem of the breather balloon type is considered 
the most practicable solution to this problem, iseather balloons are 
available commercially in a wide range cf types and capacities, 

The site fou a tank farm is impertant for a masher of reasons. 
From an operational standpoint, it should be located so that full advant- 
age can be taken of the elevation of the tanks and the product dispensed 
from storage by «Tavity. In som caset, “orld war 1] advanced bese tank 
(arms were so situated that ít was necesar; both to pwep into snd out of 
storage, while in other cases tank farms vere so located that the tankers! 
pumps could pump direct to sterage without the aid of boorters and yet 
the tanks vere high eneugh that the fuel could be cispensed by sravity, 
Due to commonly severe climatic conditions and relatively in-Xjorienced 
personnel, maintenance of advanced base mechanical installations is a 
problem end ít is hig!ly advantageous to eliminate boorter pun;* and 
similar installations if at ail practicable, 
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A, Neocsiving Fagilities 


keosiving fasilities for an advenged-base bulk-fusl handling 
systen commnace with the blind flange: on the offshore end of the submarine 
nese (See Figure 3, Appendix) terminate at the ring header in the tank 
fara (See Figure 1, Appendix) and include all hese, pipelines, pumps valves 
and fittings between these two points, 

1. Sea Loading Lines ۱ 

As previously indicated most advanosd-base bulk-fuel storage 
plants are at least initially dependent on ses loading lines for the 
receipt of fuel from tankers. Figure 3 in the Appendix shows construction 
details for 6", 6" and 12" pea loading lines with cargo hose. 1 
marine pipelines for tanker loadings, ost lines of this type aro con- 
structed of extra heavy pipe with protective coating, although some Lines 
have been laid bare, Union 011 Company's همه‎ loading line off the beach 
at Ventura, California is a bare line that has been in service for approxi- 
61937 twenty years. A few years ago cathocic protection was installed 
on this line, and indications are that the life of the line will de er- 
tended appreciably ty this protection, 

Experience with sea loading lines at orld fur II naval ad- 
vanced desos in the Pacific Ocean Arvas was not as satisfactory in generel 
as in the case cited above. Failures during the first year or two of 
oper «tion were common although standard weight or heavier nipe wes used 
almost without exception. everal methods were used for installing the 
gulxer;od line depending on the type of bottom present, the personnel and 
equipment aveilabhe and alse upen wave, tide and wind conditions.” One 
method used consisted of welding sections of pipe to.ether on shore, 
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floating tho sections out on barges where they were welded torether, 
weichted and sunk in pleos. Another method which wes also used cone 
sisted of welding the hose adapter on end of the first jaint of pipe 
and belting on a bind flange Sor water tightness; welding on a-ditional 
joints of pipe on the beech and pushing the line into the water until 
the desired len,th ws obtained. In using the latter method no adói- 
tional floats are required for a 12" line inasmuch as tho empty line 
will float, but Û" and ssaller diameter lines require additional buey- 
able and mao satisfactory floats. Lower ne of the line cen be acosa- 
plished by shooting holes in the «rums, 

It will be noted from Figure 3 in the Appendix that the under 
eater lines fan cut to present the connection in line with the side of 
e ship moored in the fueling berti, Shere fuel oll, diesel ofl and raso- 
line lines are all installed, the fuel oil line is located in the center 
with the diesel ofl line toward the moorings or stern and the gasoline 
line toward the bow as tankers carry (heir gasoline in the forward tanks 
and their diesel aft. 

To . ive long service such as the Union 9il Company line, 
submarine pipelines should be croperly placed on bottom, and <iven وم‎ 
quent inspection. “uch was probably not the case with sea lo-ding lines 
constructed at advanced basee uncer wartise comitions. In order to 
place ses loading lines in oper tio es quickly as possible, they were 
often hurriedly laid along the bottom with no trenching and little if any 
aditional weight provided. The lines were, therefore, subject te nove~ 
ment by the ocean currents and early failure frequently resulted from 
abrasion where the pipe lay eeross corel reefe. Blasting of « trench in 
the reef for the line an’ adequately we' htín; tho pipe 19 necessary if 
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such failures are to be prevented, Another source of early failure was 
the parting ef the cargo hose at the end of the pipe due to improperly 
connecting or mooring the bose. همها‎ failures of this nature oan be 
minit sed by carefully following the connection snc mooring details 
shown on Figure 3 in the Appendix when placing the hone, 

Little or no inspection wes provided these sea loading lines 
and line failures wre often not discovered until a tanker arriving to 
load or unload found the cargo hose missing, or upon commencing to pump 
thbreugb the line observed fuel coming to the surface of the water, "cer 
these conditions, fueling operations are not only Cisrupted, but oil and 
particularly gasoline on the surface of the water becomes a fire bazard 
to the ship. lence, the tendeng was to replace submarine fuel limes 
with more reliable fuel piers or docks, although the sea loadinr lines 
have three advantages over waterfront focling structures, vis, (1) 
speedier construction, (2) less mmtarials and labor required for سوا‎ 
stallation and (3) capable of being ladd out into ceep water where larpost 
shipe can be moored, The berthing and Graught of new supor-!snkers 18 
éafinitely a problem where water front fueling facilities are con-erned, 
and it may be necessary in certain places to use sea loadin: lines for 
dischering their ٠ 

Fuel receiving facilities at acvanced beses should be such as 
will pormit tankers to discharge their carg at the neaximm rate, thereby 
reducing the turn around tine to the min mum, Improved materials and 
equipment, greater flexibility, higher working preseures and imorovwd cold 
weather characteristics are factors which make possible the unloading of 
a T=2 tanker at a rate in excess of 0000 barrels per hour, To mention 
one improvement An this eommection ~ a now licht-waight sevan-inch cargo 
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hose hea been perfected with now light-weight miprlo and quick netd nr’ 
coupling device.” 
2, Pooster Pus^s 

Agvanced base plang sac material liste provite for a booster 
station te be used on reociving and to be located on or near the beach, 
Figure & in the Appendix shew» the standard hoalan for booster ۰ 
appreciably higher than sea level, the pressure of the ship's pumps may 
be ssf ”lolent to put the preduct into the tanks without intermediate 
boosters, The poesibility of eliminating the booster pumps on receiving 
is, therefore, one of the f-etore to te considered in selecting pipe 
sises and tank farm location. On the other hand, it may be more desir 
able to boost the products te sterage and elevate the tanks in order to 
dispense by gravity. A third possibility is the ideal condition wherein 
ne boostor pumps are required. Te most this condition, the tenks must 
be situated low enough eo thet filling can be aceomplished withoat the 
aid of tocetera and yet have sufficient elevation to permit dispensing 
by gravity. 

Tho handling of gasoline at advanced bases Goring World Wer II 
ses complicated by 4 shortage of pumps that were satisfactory for boosting 
gasoline. Several typee of centrifugal poms were available, te aost 
commen of which was the portable wilt comprised of a gasoline engine Ariven 
pump rated at 350 gpm at 125 psi, This pum» ws very satisfactory for 
pumping Navy Special fuel oil, tut soon developed packing gland leaks 
when placed in gasoline service. It wes observed that som rısoline 
boostar stations were ocaipped with pumps devipned exclnalwly for stor 
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"Information regarding the development of the hose is classified 
satertal and, thorefore, not available fcr pablieation. 
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service wherein 6 በ8611. stream of the liquid pumped is used to cool the 
these stations, the lesking gasoline presented & very serious fire hazard, 

The Army 1000 gpm gasoline pumps and the Army "pup pumps" 
called for in Fimre l in the Appendix are specially desicneé for gasoline 
service, and from limited observation they appear to be satisfactory, The 
———— Á———— سسوم مسا ویم‎ 
eentrifagsäs amd a special posting fer gasolina 999166 16. eh 

The plan of the piping layout for booster stations (Fimre ونا‎ 
Appendix) permits a two-way operation, 1.0. booeting the fuel to storage 
tanka or fueling ships frou the tanks through the sea loading lines, 
3. Pipelines 

Pipelines used on receiving are pressure lines. Costed pipe 
was the exception, rather than the rule, for sea loading lines in forld 
War II, Ewen when coated pipe was wip lied the materials and equipment 
for field oosting the joints were usually not available, In a sense, 
coated pipe with bare joints is worse than no coating at all cue to the 
corrosion concentration at the breaks in the coating and hence such a 
line usually fails sooner than one consisting entirely of bare pipe. 
Some iaprovised field coatin: of submerged lines was attempted, usually 
involving the use of tar or road asphalt, neither of which wes very 
satisfactory, 
| No cathedie protection is known to have been installed at 
temporary advanced bases constructed during the wer, Installation of 
marmmesiusa anodes on underwater lince at the beach would be a rolatively 
simple procedare, snd would pro'ebly cathodically protect the pipe for a 
distance of several hundred yards frou shore, perhape even for its entire 
lengths 
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e From the beach to the tank ferm light weight, spiral weld, 
grooved coupling steel pipelines aro matisfactory except perhana under 
road and stream crossings. (Functional components for 2.0 foot and 
400 foot stream croosings have been developed by the Duress of Yards 
and Docks), The pipe should be laid on the surface wherever practicable 
to speed construction and elisinste electrolytic corrosion, Heavy 
tisber siidsor logs locally available will serve to support the pipe 
above the ground surface; fabrioated stoel or concrete supports are 
usaally not weranted. Sufficient slack should be in the lines to take 
care of expenaion and contraction of the metal with temperature changes. 
lso supports or skids should be long enourh to allow for lateral zove- 
ment of the pipe as it expands and contrecta, 

With the pipe above cround, protection from oxidation may be 
accomplished by applying a brush-on coating as often ag necessary, 
There the line must go underground cathodic protection can be provided by 
sagnesium anodes. The use of rectifiers with rround deds for cathodic 
protection would normally not be practicable for fuel systencof the type 
under discussion. 

Pipelines should be marked frequently with painted bands in 
accordance with the standard Navy color chart, vis, bright blue for 
aviation gasoline lines, orange for lines carrying motor (asoline, groen 
band for diesel and yellow tand for fuel oils., Also block cates should 
be installed et intervals along pipelines of considerable length so that 
sections of the line may be isolated for repair in the event of rupture 
or Gamage fron oneay action. 

In addition to adequate working pressure, desirable character 
istics of pipe are (1) light weicht and (2) suitability for rapid 
installation, Materials being tested es possible substitutes for steel 
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pipe include alusinus, ma meslun, plywod, honeycom5 and reinforced 
plastio., Plywood and honeycomb plastic have been determined to be 
unsatisfactory. 

Although it has been deme successfully, ihe pemins of eif- 
advanced besos. in the event such an operstion is attempted only olean 
products should be pumped, end wrtulent flow must be maintained te avoid 
excessive contasination from aixing. élse inexperienosd operating 
personnel must be closely supervised for an operation of this type to be 
succeseful. 
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N. Storage Facilities 


In addition to tankage, storaye facilities include the pipe 
in the ring headers, transfer pumps and accessories such &s valves and 
fittings. Storage for ready issue like the four 1000 barrel tanks show 
in Figure 2 in the Appendix are considered part of the distribation 
facilities, In other words, the storage facilities comprise thet part 
of the system between the tall gate on the rece ving lines and the 
header gate on the distribution lines. 

l. Tanks 

A8 previously stated, the advanced bese fuel tanks tuilt during 
*orld *ar II were mostly of the bolted type, particularly ín the Paeiífio 
theatre of operations, An exception was the tank farz on Dennett Island 
in the Kwajalein Atoll. Here the storage consisted of large capacity 
(approximately 55,000 barrels) riveted steel tanks. These tanks, orig- 
inally a part of the Teapot Lomo tankage erected in the 1920's were dis- 
mantled and reconcitioned prior to being shipped to the Pacific. A fow 
of the Teapot Tome tanks were also shipped to uam, During 1957 on Ousm 
tbe wartiue bolted tanks began to fail, and the supply of new bolted 
tanks had boen exhausted, -asoline storage was becoming critically low 
when materials for two 80,000 barrel riveted tanks complete with rivets 
and coal for the forge were discovered in an inactive storage area, The 
materials were reclaimed from the jungle and the tanks hurriedly erected 
to provide the auch noe dad gasoline storage. 

A few welded steel storage tanks of 10,000 te 50,000 gallon 
capacity were scattered around over the Pacific, but these tanks were used 
primarily for ready issue storage. 
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۱۵2۵4 tanks were, with fow exceptions, standard ۱۲ مه‎ ۶ 
either 1009 or 10,000 barrel capacity. The 100 barrel tanks »ere pre- 
dominantly the low type (approximately 30 feet in diameter and Û feat 
high) but the hich type (approxinatoly 21 fect in ciameter and 16 feet 
high) were also used. The 10,000 barrel tanks, approxi-ately 55 foot in 
Glanster and 2l feet high, were normally provided with mamfacturer's 
standard caskets suitable for use with fuel 011 and diesel oil, but not 
Suitable for gasoline, It was, therefore, nocesaary that spoclal raskets 
be obtained if the tanks were to be used for msaline stora;s = the type 
9 Pigre 5 in theo Appendix is the standard plan for ‘he erection 
amd connection of & 1000 barrel tank at an advanced base, Tha hyoat for 
è 19,000 barrel tank is similar, 

The tank foundation of 6” sand oustilon on natural -rmund or e 
pected fill is entirely adequate, in fact is wore sat sfactory than many 
of the more elaborate tank foconóüetiíons which were constructed at advanced 
besos, Some of the more common types of these foandations were concrete, 
asphalt, sand castion with esscrete retaining ring and oiled sand, Where 
glean sand can be obtained, and it is generally about the asst clentiful 
material locally avetlatle, the concrete and asphalt foundetiems are not 
recomnended because extra materials, manpower and time are romirnd, The 
ase ef a ring to retain the sand is normally not neceseary - in some um- 
woudl cases 1t ai ht be justified, Spraying the send with asphalt, tar, 
or even oil has no partieular advantage, in faet may accelerate corrosion 
of the tank bottom ty holding water between the steel platen and the sand 
cushion. The foundation should be kept Cry and nothing dows the fob quite 
as well as clean, unconsolidated sand, 
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Botton leaks were the ner! common cause of tank failure. tome of 
these Leaks were undoubtedly caused by faulty erection, but the large 
majority were duo te corrosion. Mo corrosion protection was provided most 
of the tank bottom, either Inside or outside the tanks. Costing of the 
bottom and up about A foot alon; the inside of the tank walls will provi ûe 
Paínt or ooatins developed for this purpose are nanmfactured ty a member 
of companies e.f. 1.5. Stonesare and United Chromiam, Ine. This type of 
coating must, of course, not be soluble ín petroleum fuels. cathodie 
protection of the underside of the tank bottom may be provided ty magnesi:- 
anodes. In order to insure cathodic protection of the entire bottas of 
the tank, the plates should be electrically bonded tocether with a low 
resistance connection when installing the anodes, 

Tanks with minor bottom leakage may sometines be retained in 
service for a while by we of a water pad, Water may be pumped in throug 
the bottom drain connect’ om and no appreciable mixing with the product 
will occur, The water pad should be from three to six inches in depth, 
enough to prevent leakage of the fual from the tank, but with the water 
level always woll below the tank outlet which is normally about 12* above 
the tank bottom. The water pad connet be used with an elbow inside the 
tank as shown en the detail of the typical ta-k cemmectiens in Figure 5 
ín the Appendix, It has been observed that this elbow hes seldom been 
installed when erecting belted tanks. 

If the walls and roofs are reasonably good on a tank with a 
faulty bottom, a concrete deck of three or four inches in thickness my 
be poured to sorve A a nev ^ottom, 
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Direet exidation of tank reofs and walls in the presence of air 
and moisture is @ sovroe of corrosion thet can be effectively elininated 
ty painting. 

In the April, 1953 isme of "World 11" there was reported a 
new type of corrosion resistant oil sterace tank offered ty Mardock Tank 
end \iamafocturing Company.” Tho new belted tanks are made of reinforced 
plasties, combining Fiberglass wat md Laminas polyester resin and rane in 
eapasity Lrem 250 to 3000 barrels, Yiberglas—_aminac material is reported 
impervious te damage by iydaregen sulfide sases, salt water end sloctro- 
iytie action. The now material also rediess vanor losses common in metal 
tanies as it has thermal conductivity of about 1/20 that ef steel, 
Furthermore, the plastic material does not expand and contract appreciably 
at the bolted seams, The cost of this now type of tank is not stated, 

Bolted tanks have a tendency to leak st the seams, Tightening 
of belts nay be sdequete te step seam leaks, however, if a leak is due to 
excoesivo tightening of the bolts and a messing out of the gaskets, then 
little œan be done except te replace the drmaced pasketing., Tests are 
being condueted هه‎ materials designed te prevent irring out of ¿ skets 
when tanks are osptye 

The berm around a fuel tank mist be properly drained, In the 
event wator ís allowed to acammlate insice the fire wall or bora there 
is danger of floating light weight tanks off their foundation, 
lo Pipelines 

Interegenneeting pipelines within the tank farm should be of the 
Light weight, quick coupling type. Construction features discussed under 
receiving faeilities are applicable end are not repeated, 
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3. Transfer Pwmps 

Connections fer acvanced base transfer paunpo ara detailed on 
Figares 6 and 7 in the Appendix respectively, Fizure 6 shows à gasoline 
transfer pump with 0° ring header, ۵-۵ lFirure 7 shows & trensfer pump for 
fuel and diesel oil with 12" ring header, Tbe pusps are so connected in 
each case that they oan be used for trensfer of product between tanks, 
to ready storage for issue or back through the ses loading lines, 
میا‎ Breathing Lossos 
Standard belted steel tanks are equipped with fixed conical 
roofs, and the gee within the tank is subjected to epprociable veriations 
in tesper&ture between day and night resulting in material expension and 
contraction changes in cas volume, ith temperature increase the gas 
expends, and some of it must be released frum the tank for pressure relief, 
Then with tesperature decrease the vapor in the tank contracts, and air 
mast be admitted to avoid collapse of the roof. Also when filling, the 
vazor must be allowed to escape in order to make room for the liquid, 
end when pumping out of the tank air must be allowed to enter in order to 
prevent a vacuums, This condition presents no particular problem ín the 
storage of fuel and diesel oil, vut with a volatile fuel such es gasoline, 
evaporation dıne to teapereture changes and pumping may result ín sub- 
stantial losses of prodact, A very linitod mumber of bolted tanks at 
orld Tar II advanced beses were provided with pressure and vacuum relief 
valves, Although not wholly effective in ellminating evaporetion و۵۵۵۵‎ 
the pressure aná vacuua relief valves were à etep in the right direction, 
It does not appear precticehle to change the roof design of bolted tanks 
for acvanced base use to any of the several types which reduce vapor 
lessee ouch ae the breather roof, "water top" roof, or "flosting* roof, 
"owever, a vapor recovery systen for /53oline tank farme is a possible 
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solution te the problem. One of the simplest end least sxpensive of t 30 
vager Geving Gevides is the so-called bruather balloon installation,” 
Balloons are sade in a wide variety of materials such es cotten and nylon 
base fabrica, fibro glass, synthetic rubber on nylon base material and 
neoprene. Neoprene is used where aliphatic hydrocarbons are in contact 
with the material, but should not be used where aromatic hydrucartons are 
present in appreciable percentage, An 15,000 oubie foot balloon has been 
found to handle aetisfactorily the vapors from two 65,000 barrel casolins 
storage tanks locate in a taomperate climte, ith breathing losses 
agouned to be 7 calles per year per square foot of liquid surface aroa, 
breather balloon capacity required to eliminate at least 90 per cent of 
metrio ospacitye' 

Based on this assumption, the breathing losses from a 10,000 
barrel tank would amount to approximately 400 barrels of gasoline in a 
year or approximately 1200 barrels per year from a battery ef ten 1,000 
barrel, 30 foot diameter tanks, Elimination of 90 per cant of these losses 
would result in considerable savin-s. Installation of the breather balloon 
veper recovery system ig simple and the maintenance costs nerlicible,. 

In addition to the balloon breathers available com~wrcially, 
it appears feasible to use the 1000 barrel níllow-shaped tank of plísble 
material mentioned earlier. The tank could, therefore, serve a تمه‎ 
purpose, i.e. provide tulk storage capacity during amphibious operations 
and then be converted to a zas holóer when tank farms have been erected, 
Again based on the a sumptions in the preceding paragraph, one of the 1000 
barrel pillow-s^aped tanks would provide ample as holder capacity for one 
10,000 berrel gasoline storege tenk or twelve 1,000 barrel storage tanks, 
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By using plastic ripe to connect the ههن‎ holder with the storure tank 
practically no adcitional steel would be required for the vapor recovery 
systen, 
Se Fire Control 

Advanced base fuel systems constructed during World «ar II were 
provided with few, if any, fire contrel devices. [land and cart type CO, 
not de overlooked, these could hardly be considered effective fire centrol 
devices. Study and research is being civen extinguishing acente including 
002 chemical foam, water fog, fop-foam, dr; powder, ^romotri-flaroeethane, 
and water additives, Also experiments are being conducted with a view to 
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Ce Distribution Facilities 


..— Pistribution facilities include all pipelines, ready storage, 
puwaps, and spportenancos which are used to distritute the product for issue, 
As previously mentioned, the issues of fucl ofl are to surface craft or for 
boiler fuel ashore, Issues to surface croft are made ty means of the همه‎ 
loading lines, or in some cases, a fueling pier. Issues to boiler plants 
ashore, if such plants exist, would be through pipelines and -eady storece 
constiucted for that purpose. 

Tispensiny of dissel fuel may be oither to naval vessels or emip- 
ment and power units ashore. In addition to the sea loading lines, small 
füelinz piers are usually provided for issue to surface craft, md tank 
truck and can filling recks are provided for shore issues, 89 shom on 
Figure 1 in the Appendix. [Piesel powered equipment is, in turn, fueled 
from the tank truck, 

Gasoline may be Cispensed to naval vessels throug the sea losd- 
ing lines or to tank trucks ashore as showh in Figure 2 in the Appendix, 
^ugoline issuing facilities may also be provided for the small boat docks. 
1. Pipelines 

Light-weight steel pipe has been used almost exclusively in 
temporary advanced base fuel distritution systems, Inagmch as steel is 
critical in wartime, use of a substitute material for distribution Lines 
would be desirable, Where pressures and capacities will permit light- 
weicht plastio pipe such as described in the November, 1952 isoue of "Torld 
O12" may be Used for distribution lines.” Three=ineh pipe of this clear 
plastic weighs only 0.88 1b/ft., and some 1000" of 2 and 3 inch has been 
laid ከሃ a two-man "spread” in a matter of several hours. Additional 
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advantages of this pipe are its inertness to rust, its ability to withstand 
electrolysia and ite flexibility which eliminates the nece sity for mak- 
ing bends or angles, Also the pipe, being smooth, is almost frictionless, 
and has for a riven sise of pipe a flow capacity renging from 18 to 25 por 
cent rreater thar that of steel pipe, 

2. Pumps 

Wherever feasible, ¿ispensing should be done by rrevity from 
the main storage area, By elimination of the dispensing pum the oper tion 
is simplified, and by elimination of the ready gasoline storage evaporation 
losses are reduced, 

As indicated in Section III, D, 2, loestion of the tenk fara 
may involve a decision in the field ae to whether it is better to elinatnate 
the booster pumps on receiving or on distribution, or whether the tank fern 
can be so situated that booster pumps will not be required on either re- 
ceiving or dispensing. 

Je Tater Separators aná Clarifiers 

water separators should be provided for gasoline dispensing 
units euch as show on Figure 6 in the Appendix and clarifiers for diosel 
sach as shown on ligure 9 in the Appendix. It has been observed that fro- 
quently water seperators and clariflars do not perform the functions for 
which they are designed dus to lack of attention and maintenance, To be 
effective this equipment met be drained regularly and otherwise properly 
cared for. 
میا‎ Safety Precautions 

Leeks in the vicinity of iseuing facilities should be prosptly 
repaired, no esoking regulations mot be rigidly enforced, spark proof 
nosslos and toals must de used, explosion proof electrical fixtures mst 
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be installed and electrical crounding connections must be attached to tank 


For a safety progren to be personnel must be safety 
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V, SUMMARY AMD CONCLUBIONS 


Deficiencies existed in the type of shore fuel handling facili- 
ties erected at naval advanced bases during World Far II, “he mjor 
deficiencies and possible remedial measures are guussrised as follows: 

(1) Murn around tine for tenkere was in sone 

cases excessive. Iuproved materials and 
equipasnt have been developed which make it 
possible to diseharge a T-2 type tanker at 
a rate in excess of 6000 barrels ver hour. 
iqaipaent on existing tenkers should be 
mocified as practicable to ‘nolade the 
latest improvements; new taneers obvirusly 
will be provided with the most modern puaps, 
hogea and accessories. 

(2) Failure of sea loading Lines efter only a 

short period of service seriously lisited the 
usefulness of some of the systems. ‘he useful 
life of sea loading lines can be lengthened ty 
protecting the pipe against abrasion and corrosion. 
Providing e ditoh ny blasting or other means ware 
the line crosses reugh ocean bottom or coral reefs 
and acequately weighting the pipe will alleviate the 
abrasive effect of the rocks and the corel, Coated 
pipe ie desirable for sea loading lines; however, it 
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should not be ceed unless materials aro 
available for properly coating the joints. 
Cathodic protection can bs applied by means 
ef anodes to mitirate electrolytic corrosion 
of the steel pipe. 

The majority of booster stations installed 
oresented operational and maintenance pro- 
blems, Mumps were often not suitable for the 
trpe of service in which they were used and 
mechanical failures were froqguent. Only pumpe 
designed for the fuel to be handled should be 
installed to prevent leakage and attendant fire 
۱ "very consideration possihle should 
be civen to the layout and location of tenk 
farms with a view to eliminating the need for 
booster stations, 

Little protection wes provided svainst corrosion 
failures in shore pipelines end tanks. Corresion 
failures in steel pipelines can be ¡reatly re- 
dnoed by supporting the lines on skids above- 
ground and applying brush-en costings. There 
it is necessery to lay the pipe underproum, 
cathecic protection oan be anplied by means of 
anodes, Trush-on coatines can ba Applied to 
tanks to rodıce oxidation and corrosive tenden- 
cies of electrolytes, Anodes can be used to 
cathodically protect the undessida of tank bottoms, 
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(5) Gasoline losses dua to ovaporatícn were of con- 
siderable magnitudes, Evecoretíon 103508 can be 
appreciably reduced by installetion of belloon 
vrosther type verer recovery aystens. “tandard 
balloen breather equipment in a wide range of 
capacities 1a commercially available. Also a 
shaped tanks and plastic pipe is considered 
feasible. An apparent aecvantage of the pillow 
shaped tanks is that they may be first used 
to gas holders., 
Jporimental work is bein; Cone by the Lavy on 
improved fire control equipment and procedures, 

(7) Steel is a critical material in tise of war. 

Also steel pipe and tenis are beavy items to ahip. 

Light-weight plastic pipe and tanks have been 

developed wich eam be substituted for steel in 

distribution systems, where capacitics and 

pressures will pernit, 
functions aa the bases of Vorld War II, thoir characteristics mey be quite 
different. The type of bases to be built will be determined by meny 
factors such as the capabilities of the enemy, the charécteristiog of the 
theatres, tho general strategio plens, tactical developemnt of new woapons, 
and the strength end disposition of the enemy forces. The nest complex 
type of advanced base is that in which the round, air and naval forces 
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mst ehare limited real sstete that hsg been the soene of intensive am- 
phibdous and air combat and, while still subject to enemy attack, rapidly 
develop thereon major facilities fer the support of further offensive 

ly decreasing the distance from which the offensive is launched, it will 
always be advantageous to operate from advanced buses ms close as possible 
to the enemy, The ever increasing demad for greater fire power and 
 reater mobility in all owr forces means -rester mo misation, a  reater 
facilities, This, im tum, increases the already high ratio of sup ort 
forces to combat forces, which means that it is more Important than ever 
that our edévaenced bases be substanti“. in their productive seppert capacity, 
An efficiency much higher than that achieved in the past is absolutely 
essential if advanced bases ere to fulfill their ission in the future, 

New vero are not wen solely on he experience aima md lessons 
learned (roa previous sars, “owever, elisination of the tech oll pro- 
blemo encountered in the construction and operation of the bulk fvel hand- 
ing facilities at naval edvansed bases beth during “orld Tar IJ and the 
post war years is obvicusly the first step in providing ispreved facilities 
for the next war, 

It ig highly probably that a number of so-called "temporary" 
fuel systems erected at adveanesd banss caring sartimo moy ef necessity 
remain in services an indefinite period of time after the ceasation of 
hostilities. It is, therefore, concluded that these fasilitéies should be 
efficiency and minimam 1068 of fuels handled, but alse te sive the maximın 
len;th of servios pructiontle. 
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ها کك ۵۵0 ۰ he‏ 


The following recommendations relating to advanced base fuel 
facilities are made with a view to attaining the objectives cited on the 
preceding pages, vis. improved mechanical efficiency, minimas loss of fuel 
handled and maxima length of service. 

۳ (1) It 48 recommended that sea loading lines be laid 
in a diteh across areas of rough bottom er coral 
reefs and thet thé pipe te adequately weighted, 

(2) Cathodie protection ty mane of magnesium anodes 

۱ is recommended for underwater and underground 
steel pipelines and tank bottoms, 

(3) It is recommended that pump stations be eliminated 
wherever praticable to reduce waste, fire hazards 
and maintenance problems, 

(h) It de recommended that the inside of tanks ve 
protected from corrosion by the ap lication of 
the proper coating materials, 

(S) It is recomended thet tank surfaces and above- 
“round pipelines be protected from oxidation by 
painting and brush-en coatings. 

(6) Vapor recovery aystems of the balloon breather 
type are recommended for installation in con- 
junction with gasoline storage, RPreather balloons 
are available commercially, or collapsible tanks of 
pliable material used for interim fuel storage 
probably can be converted to ras holder 0 
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(7) Light-weight plastic pipe and tanks are recomended as 

substitutes for steel where feasible, 

It must be realised thet in eartias problems of supply and 
personnel are involved in the construction and operstion of advanced base 
feel handling facilities; if the materials called for on the plan are 
net available, then it is necessary to imrovise, and if experienced 
personnel are not available far operation of ihs facilities then inex- 
perienood peraemnel must be used, 

In general no attempt has been made to analyse problems re- 
lated to these two factors, 
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